116
Firstly, the skin over the head was visually assessed and then the skin was removed so 117 that the outside of the skull could be examined. Next, the head was cut transversely, just caudal 118 to the horn buds using a commercial meat band saw. The brain was removed from the front 119 part of the skull and the inner surface was examined for evidence of damage (e.g., perforation, Clove oil and cautery disbudding efficacy 6 120 hyperaemia) or inflammation beneath the horn bud sites. The dorsal surfaces of cerebral 121 hemispheres beneath these sites were examined for ulcerations.
122
Large black scabs covered the horn buds 2 weeks post-injection of clove oil. There were 123 localised dark patches on the skull below the horn buds for the 5 kids euthanized 2 weeks after 124 treatment, with no evidence of damage on the inside of the skull or the brain. At 3 weeks post-125 injection, patches of newly healed skin were observed as well as scurs in 3 out of the 5 kids.
126 Discolouration of the skull beneath the horn buds was apparent in only one kid. There was no 127 evidence of inflammation, perforation or infection in the skull, meninges or brain associated 128 with the clove oil injection for any of the kids. Fig 1) . An extra category was added after the first 187 farm visit 2 weeks after treatment as there were growths that could not be categorised as either 188 H or S -a scorn (SC; Fig 1) . A horn was defined as having normal growth without 
291
We observed some animals with inflammation of the upper eye lid area below the horn 292 bud associated with the CLOVE treatment. This is interesting, as eugenol, the main component 293 of clove oil, has anti-inflammatory properties [16, 23] . Perhaps blood flow to the horn bud is Clove oil and cautery disbudding efficacy 13 294 reduced due to localised cellular necrosis and the observed swelling was pooling of blood 295 below the horn bud. Measures of tissue sensitivity such as pressure algometry or Von Frey 296 filaments, could be used to evaluate whether this apparent inflammatory response is painful.
297
We also had one kid (treated with BUDOFF and BUDON) die as a result of meningitis, 298 which is likely associated with cautery iron use. It is well-established that cautery iron use can 299 cause damage and thermal injury to the skull and brain, resulting in meningitis [11] [12] [13] .
300 Although only one out of 243 kids died as a result of cautery disbudding, this demonstrates the 301 capacity for cautery disbudding to not only cause pain, but mortalities.
302
To the authors' knowledge, this is the first study to quantify the efficacy of cautery 303 disbudding methods for goat kids. The BUDOFF treatment appeared to be most effective in 304 preventing horns, scurs or scorns compared with the other two methods; this may be due to 305 more complete horn bud destruction as the buds were cauterised and removed. By removing 306 the horn bud, it is easier to ensure that all of the horn bud tissue is destroyed. It is generally 307 considered more efficacious to remove the horn buds than leaving them on [1] and this method 308 has been favoured in other studies [7, 24, 25].
309
The BUDON method resulted in abnormal growths that were soft, fibrous and fitted 310 into neither the horn nor scur categories. The cautery iron used in the present study had a hollow 311 centre with hot edges that cut into the skin, which may have allowed for the inner cells of the 312 horn bud to continue to grow. This result has implications for farmers and contractors as it 313 suggests that removing the horn buds may be more effective for preventing scurs than burning 314 alone.
315
There is limited information available on horn growth in domesticated farmed goats, 
